; e3en@mhhi Lk4k6l 61 T@ry3 FLU D DYNAM mmmm EARI NG APPARATUS DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [0001] F ,mm ’m" nvention The present
invention relates to a fluid dynam c presghypg. beari ng apparatus and nore
particularly, to a fluid dynam c pressure bearing apparatus having a
rotating shaft nmenber,UaDOVNARECIFRESHURE BRARIDNE ARRSRATTSt he rotati ng
shaft nenber and the bearing sleeve nenber are supported in a relatively
rotatable state by a dynam c pressure generated froma |ubrication fluid

di sposed between a dynamc pressur e surface of the rotating shaft nenber
and a dy RREBAILEDRESCRIRTION,OF THEINVENEON; 5| eeve member. Gooo2] Rel ated
Art In rfcen years) various fI ui d bearing apparatuses have been proposed
fox rota i/ supporting a rotator body such as magnetic disks, optical

di sks, or.Rpolygo mrtrors in a high-speed rotation. [0003] Fox exanple) a
dynam ¢ apparatus is used in a spindle notor such as a

hard disk dri VewgﬂDp)esénpvmv%&%ﬁ Grelafes AoPR2HRY Sy EANR bledfls Béhrihg

beari ng nenber and nount e or supporting a rotating shaft menber 21,. A
dynami c Q{;ﬁﬁ%bﬁ@ aBHT h8Re pRF A ©Na Al UBlacfierirphairal beavingasgp ahtushe
rotating shaft nmenber 21 and a dynam c pressure surface provided on the

i nt er nal havingunteaeng eshaft mbhablreand pghesiriagvaedvd manbed Wiaef%'\nethea[ehtmgher in
proximty to forma narrow gap A radial dynam c pressure bearing RB is

formed byh#ft |mqmigereﬂqdu®reuhearmﬁgleeme reghey @ne guPRATtedoin arplafively rﬁrt%tﬁélenar r ow

a I n addi ressure. s rface OVLde n.both sides of a
TP ot o iate by Ay Runie brerhie G harat e Lo R JrlpgPeebasbdFRelh

pressur e s f ace, of Lne, BEAr b SLERKE 1l o bIARLE PRESSULLRULLACE of

a count efYPTAIPTE  Wount'ed i i an openi Ag portion of t Zaring sl eeve 7.3
face eac &eg“hgbgg gjeg,y Lhemb@rma narrow gap in an axial direction.
The Iubr?glg%l ng flui d&:&és fil e led to formthrust dynam c pressure bearings
SBa and §hz) [ 00041 At |east one surface of the dynam c pressure surfaces
of the radial dynam c

Related Art

In recent years, various fluid bearing apparatuses have been proposed for
rotatably supporting a rotator body such as magnetic disks, optical disks, or polygon
mirrors in 2 high-speed rotation.

[0003]

For example, a dynamic pressure bearing apparatus is used in a spindle
motor such as a hard disk drive (HDD) shown in Fig. 7. A bearing sleeve 13 acts as a
bearing member and is mounted for supporting a rotating shaft member 21. A
dynamic pressure surface provided on an outer peripheral surface of the rotating
shaft member 21 and a dynamic pressure surface provided on the internal
circumference of the bearing sleeve 13 radially face each other in proximity to form a
narrow gap. A radial dynamic'pressure bearing RB is formed by filling a lubricating
fluid such as oil or air within the narrow gap. In addition, dynamic pressure surfaces

provided on both sides of a thrust plate 23 fixed to the rotating shaft member 21 and
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pressure bearing RB and the thrust dynam c pressure bearings SBa or SBb is
provided with a fluid pressuring nmeans such as dynam c pressure generating
grooves. A lubrication fluid is pressurized by neans of a punping operation
created by the dynam c pressure generating grooves (not shown) to generate
a dynam g @yhessipsshret@irisee bh ehabngimt QekvdYIBadh € dPRAsRYWressude sfatd 619
menber is rotatably supported with respect to a stationary nenber in an

el evat ed asbaheriplatd@ Yeashoahtednd «n bpunirsg palitioacdfitba bensspebievy aByfacd O4MHS] | n
such a Fluid bearing device described above, when the rotating nenber

r ot at es, othee ingreximity teefebera perrew dap ia avorxicbdirettionpodbeilubricdnne fudpect
to the statjionary fixed nenber by the |ubrication fb id. Wien the rotating
menber sf%%geqftﬁéf‘i“ﬁa@%ﬁ’émﬁnﬁep sSYrR Qeeipes Aruapd § gri ng portions comes in
cont act m(iog the rotating nenber and the fixed nenber. For exanple, in a
spi ndl e } for HDDs, after a hard di sk supported by the rotating nmenber
rotates at a paghl el Qi s%@%%g’of@hé ﬁwﬂcg%{ﬁpé QEMEiNGhERd IRY @S nMHRT 2

di sk via a gui de nmenber and recording/re cing Is perforned in a

non- cont gedssitedha W@ MB hehdTREO thedAPdynsintie Freésiirk Ng:aFRIFHEEBATILESBYOWNWAT d
froman el evated position to a contacting position due to gravitational
forces. pesoddd Whhlaefltidirseopeingthemsissicipes Apnmed)presmirh genkrdiigk grepves.
separated fromthe guide nenber having the recording/reproduci ng magnetic
head so ®hhbrichdomshd ds FrResguEged by MrArs e PRAPI G BPRTaEPD FredteE e i de
menber. However) when the notor is %éﬂa%gs(dh in ?n ugsi ge down gsir%jss%g or an
ext r emel $YPRPPEAYER FoL TR CT8 Ehe™ 8V} P FERFFELS dr DY HE &S Mt at | ng
menber becones,..di shl ace Q.a; ext ; I ' and
'he har dEreR Ty Cshaor et EEaRhe o fhehe A bl & B e e
the di sk and{Qte.ihg JUASoBIBEImbdEOROM eld¥afiad@htd O 20}4€all b aP¥LORItem a
not or having a nagnetic plate Is attached to the fixed nenber so as to face
a notor gile¥odTBesRLtiPEIPVI ded on the rotor. The magnetic plate and the
notor drive nmagnet are nmagnetically attracted to each other by the magnetic
attracti @eoobbrce of the drive magnet. As a result, the rotating nmenber is

attracted towards the fixed nenber. [Q008] However, th&&?ap di mensi on
bet ween the nadheétick apPaidbeating Aevisheetrigrt vhoHagran the raetiae Py to

component Bkt he FRE=, RehRp LS et rserroncl sragel TEN ity to ' o1
vari at | Onta;%{?ggﬁfmr?'}%’nh ey BAC TN LiOL Tl CREh Sk hofadid!Cletitlel QRoyl L he

t
spaces of rus am ¢ pressure bearings SBa and SBb_ Hence, the
requi red, Sifst ofY QI Gf REESHIY eniiRY b@Qﬁnﬁ%o@ﬁbﬁH 08des if @deidii with sdeen the
gap space of the thrust dynamic pressure bearing is nade smaller due to a
st ronger ro@ene tthémbért 40t theofixéd teenter Forgexaatpdd,iior spindles motarsior yHIdPs.t he

| ubrication fluid increases and a | oss of torque in. the nmotor also

i ncr easesfteCB00ER disheveidried bihthearasetine R embar iTpkptoioal 3 HtigR8pSPtI%Ral to
t he product of the rotat in&rﬁla% speed and the cgnt acting t.!igrem%f t he rat ating
menber . THROFEPEFERTOARERE nHGA *He8Fi g WwiBEs 2an 2P FaGuESEY Pt i ng

t he rotating..nepber .el. ; f i S en
the ot of “FrHBE N Bpied FHSK B FalEbal Enb e W o S Rt
nenber agg pRGREIhEa! hyvaldowiiied fidn aadletdBposition té ReontrRtad dokitioa for
el evating the rotating nenber will increase because it is necessary to
gener at e dae topaRintiodyinfardes. pressure greater than the magneti-c attraction
force. That is, the tine both nmenbers are in contact with each other

i ncrease$0Bid this causes the bearing to wear down.

While this operation is performed, the hard disk is separated from the guide

member having the recording/reproducing magnetic head so that the hard disk does



[GO A 'fhe present invention provides a fluid dynam c pressure bearing
apparatus with a high reliability, wherein the restrictions as to the
position of the notor in use is elimnated. The present invention also
provides a fluid dynam c pressure bearing apparatus wherein a required
dynam c RILESSHE Entoddnhie: aneERd pelde eadhbey. Hwavdrhiwtsh tHY aautdCispslassiine
bearing and the wearing of the thrust dynam c pressure bearing is reduced.
[0011] SIMMARYE QoW FodiNYENF [aaN xéreil aly dardy sanglcisprdies up ghbeaatpn frosppar at us
i ncludes a radi al dynam c pressure bearing fornmed in a gap portion between
a beari ngunsddhehe anatimeshabbemberbmes dispdacap hapderger axsanti then the slexyatedr ust
dynam c pressure bearing having a first thrust bearjn rtion for

bet ween &eiedy af fhedagd diple R ePe PRi COLARG é{”'“(fii Ffé? ggf‘gcgei Hﬁ%ﬁbgﬁg
opposing theretq in the.axial di.irecti,ogn and a second thrust bearing portion
f or med bé’?ﬁe’éﬁsﬁwb%flf Sﬁ’ii@ﬁkl?ea%uéd%fmfoﬁgr't hrust plate and a second facing
menber oggébs?itlng thereto in an axial direction. Dynam c pressure generating
grooves are formed on the radial dynam c pressure bearing and the thrust
dynam c pressurg heaf dong1vERRisStiablenBIeior 2B%ink hem bepdticidarEiraetachedto
rotated together as a rotation nenber, such that the rotation nenber is
suppor t edhé Fix@dPasinbe0Bo td3atfo faceap nispac érivd mwégeherbyided onhvhestotredftieng
portion is larger than a gap apace L2 of the second thrust bearing portion
and t he deggretiofplateecandyvhenietopdaiys rasngt nes megAgtitpllyorsracififetoceachothep
space is smaller is forned s‘gal ngﬁrdt,han t hat ,where %ht?lﬁgfaF t.4 sxﬁsce IS
| arger. fhydbemasRetinpragim igtaealitBh T T BagRsh PSR e R SRR ERP s t
dynam c pressure, generat. n 0 generates | arger dynam c pressure at a
| ow speedSBftr?céf%\?Ci%aﬁfisige x%{e[gg%??r'the rotating menber is able to elevate
from the [pjggd menber an the thrust bearing portion even at a | ow speed of
rotation such that the wearing of the contact sliding of both nenbers is
decreased, AcCq&idvak the @ah |dinen Ay BoiwnGep RS Mapaetie plats gniihe mote dringer i or
toits durability is obtained and a | arger thrust dynam c pressure is

obt ai ned gt ivaricheactdrding thahe iasgempiding erocess whitbh mdier opposimgngthe space
is small. [0013] . In accordance with one enbodi ment of the present

i nvent i otimehsortepf Rawpuy semagreRti RavH e J3uPe thic FRBRETH GTHRHOVE L0%h A e

t hrust bearing portion in ich the ga ace is smaller is . determped in
such a mARER THAYSHREOR SEFH BIAGRT 0 ETABE TPy BT o = ST RbaL kg
portion is_set .t . i I er e, :

beari ng P a?e i(ffytgfe ng)%? aras' %%L{Bge%z‘pr%é %F?’B%u%gdogg?' itﬂgﬁée’g?gfréeﬁg%e to
establ i shpi g WaRkhile Plestdl KA Ko MLETSHI By SENALRAL VR HOGULSp ach of b
dinmension of 0.8 tines to 2.8 tines of its gap apace. [0015] In accordance
wi th one taphgdiy@enriicoprdsherepbesdnd it nuedd isoralleeadie ob & hetrekgpr haaghetiche
dynami c pressure generating grooves in the first and the second thrust
heari ng potracwersfdree duting aptadidni thesvietesiy phArretubricgtion dvpd égcreases and a
coefficients of elastjcity of the thrust bearing portions is respectively
set to bdos ﬁéﬁ@“&l‘h}hwr‘{”rﬁ]f‘ﬂ/ﬁﬁse{%erefore, a large bearing rigidity is
obt ai ned [ﬁg&gf urther, a desired coefficient of elasticity can be obtained
even if t eal peak value of the coefficient of elasticity is displaced

by residual str@ss oy, thehMohhpd REAREGRAS B bIokiddis tro Rh@bPodut of FROI S]
rotational speed and the contacting time of the rotating member. Therefore, the
amount the bearing wears can be reduced by making the rotating member elevate
even at a low speed of rotation such as when the motor first starts. However, when

the rotating member and the fixed member are magnetically attracted to each other,



I n accordance with one enbodi nent of the present invention, the second
facing nenber is fornmed froma material of greater hardness than that of
the first facing nenber and a biasing nmeans is provided for urging the
thrust plate to elevate fromthe second thrust bearing portion. [00i7] In

this ConftLQUﬁé%gL@“ﬁmE hget {]\Eu&gngpltﬁé &rofd 1 MR LRS- OWIIL N cRlzde wkatidieidTad eri al

of greater hardness and thus the wear of the thrust dynam c pressure
bearing i i@ty abnNgshersRgar (hres Sf ofyrdidic ppebiirengefhtdrhehapthie imaguewdy and
the reliability of the bearing is inproved. [0018] Oher features and
advant agegt@ttibh doicay @hht 09 wdiel timeebeppaerbers poamit ronfast | Wikk nepcHetthpt ed
description, taken in conjunction with the acconpanyi ng draw ngs that

i |1 ust r atiscrebgesind idis eavsepthe begring o 7epedf¥ites of enbodi nents o the
present invention. [0019] BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is a

secti onall0§1Q®w of a spindle notor provided with a fluid dynam c pressure

bearing apharatys, aceordh g, 8, Al SO bIENL, Ohn G ALE SALALDYERL0 7 O

2 is a plane explaRHeery™y one “exanpl € nam c press generati ng

grooves f Oirtggqﬁ'hg rguﬁﬁlﬁggﬁ, twHREAh §he FbdricRodSaPiPBetdeRltioh 6 B8 Snseeih agal
vi ew of the spi'Adle notor provided with a fluid dynam c pressure bearing

appar at U iel} pidn Std@ PENgEle great A Riveshed alsb@réid@na Qb dymaic vobssube bpardsent
invention. Fig. 4 is a partially cross-sectional view of the spindle notor
provi ded agiphbatas fwheireindy reguired plyeswin prebemeicag bapgsaerated readily ingt thiush

state according to axe enbodi nent of the present invention. 6 .
dynamic pressure bearing and the wearing of the thrust dynamic pressure bearing is

reduced.

[0011]
UMMARY OF THE I NTION

A fluid dynamic pressure bearing apparatus includes a radial dynamic
pressure bearing formed in a gap portion between a bearing member and a shaft
member. The apparatus also includes a thrust dynamic pressure bearing having a
first thrust bearing portion formed between a top surface of the thrust plate and a
first facing member opposing thereto in the axial direction and a second thrust
bearing portion formed between a bottom surface of the thrust plate and a second
facing member opposing thereto in an axial direction. Dynamic pressure generating
grooves are formed on the radial dynamic pressure bearing and the thrust dynamic
pressure bearing. The shaft member and the bearing member are rotated together as
a rotation member, such that the rotation member is supported in a position that a
gap space L1 of the first thrust bearing_;;ortion iz larger than a gap space L2 of the
second thrust bearing portion and the depth of the dynamic pressure generating

grooves where the gap space is smaller is formed shallower than that where the gap



Fig. 5is a schematic illustration which shows a sinulation result of the
coefficient of elasticity inn the thrust dynam c pressure bearing with
respect to the depth of the thrust dynam c pressure generating groove SG as
a paraneter of the floating amount of the thrust plate. Fig 6 is a

cr oss-segﬁgcgqgiargglew of a fluid dynam c pressure bearing apparatus
according to anot her enbodi nent of the present invention. Fig. 7 is a
secti onal [pgigw of a conventional fluid bearing apparatus (00201 PREFERRED
EMBODI MENTS OF THE | NVENTI ON Vari ous enbodi ments of the present invention
wi Il be expl ai nbdtlgelconfighiatsh, thenskalemwal |degtly of the thryist dyhamit vifeskurdri ve
(HDD) device to which the present invention may be applied will be

expl ai nedenarating ereMeLLTRIgE IATELLAMARIF REEFRERR Iy lOW $1552 f ratadiogs fis a

tation-t indle notor f HDD, sh i n..Fig. Ly includ
Gt ator aEsUNeIthE TOLRRR BREPY B 1415 &0 HIAGo o BRSPS QBIBr P whi ch
i tat] b b ed £t 0
(Fator  aBehlEh PSR LBt of et AR I SRRl pieonlie

chassis Qlfmisgrgof%w GreRHRBY B Btrd 10, ROBMIIely R OIiA 9 HahiPPR sdulrei ealREMEd Of
an alum num netal material to reduce its werght. A cylindrical sleeve

hol di Ng REEdH BRupEribStof 0 ARAbURKIIgBhtainvdtif Hhirgsmihrysicdniaatic areawsfist he
fixed frame 11. A bearing sleeve 13 in a hollow cylinder shape, which is a
fi xed beabvtaigpdrrbén the shrast ool Hootiemin whish tbe pppesing escepageihemplar i ng
hol der 12 and joined to the bearing holder 7.2 through press fi.t or shrink
fit. Theﬁﬂéé}ing sleeve 13 is fornmed froma copper alloy material, such as

S o o b beondanste G e sabaploldh &6 RS IR ANGRL, BRY 52 de

smal | di aneter ence nounting surface of the

bearing holder 12 is nmounted t 0 I I : S l.ayered

body of gl?eegwadwﬁgfﬁeﬁuge 5%12%?916? éaogr?s XIPS% \%héuéglg%&?ﬁsé] ?gﬁﬁuﬁg%gﬁhe%%h of

the sali gglg; ﬁ,gé)mclﬁqs SRGILPASIAE A8 dn Qe BEa Sk QhatCeCoobflicid A2 Iastichear i ng
S

hol e (no ) is provided in the center of the bearing sleeve
of the thrust bearing portion is set to be generally at 2 maximum value. Therefore, a
large bearing rigidity is obtained.
[0014]
For this purpose, it is preferable to establish the depth of the dynamic
pressure generating grooves in the dimension of 0.8 times to 2.8 times of its gap

space.

[0015]

In accordance with onme embodiment of the present invention, each of the
depths of the dynamic pressure generating grooves in the first and the second thrust
bearing portions is determined in such a manner that each of the coefficients of
elasticity of the thrust bearing portions is respectively set to be a generally maximum.
value. Therefore, a large bearing rigidity is obtained and further, a desired coefficient
of elasticity can be obtained even if the real peak value of the coefficient of elasticity

is displaced by residual stress or distortion produced in the thrust plate.



1S, and a part of the rotor assenbly 20, which is a rotating shaft 21, is
inserted inside the bearing hole. The rotating shaft 21 in the present
enbodi ment is formed fromstainless steel. This nmeans that the bearing

sl eeve 13 which is a bearing nmenber, is farned froma material with nore
resilienggofghan the rotating shaft 21, which is a shaft nmenber. On the

i nner circunference surface of the bearing hole of the bearing sleeve 13 is
formed a dynani tn pleedune withf awe ebbdiotent 9f pbsirre sne dnyenticae ahp reetdna
radial direction a dynam c pressure surface fozned on the outer i

ci r cunf erfsring ssmltfeade fofmedromos amatprjakpiagreater haydaesst hap Hat 28ithe fig§hmani ¢
pressure bearing section 1t13 is created in mnute gea%i ng &gg begween t he
dynam c freng gearhey and achiasipg eansgde Preednd for WHES 40K LAY BFte 40 P8 VE f ace
on the beari nl? sl ee¥§g13 §i de anocr!t. Qe dynam c pressure surface on the

rot at i ng FETRFEe SPFORY HE L XA HE R°AH A1 dynani ¢ pressure bearing section RS
face eac%@f.ﬁer across a mnute gap of a few ~c m- this mnute gap forns a
beari ng spacé into which lubricating fluid is continuously charged in the
axi al directiony, The bR theMhuidd piste dievatairomlthy sidehsfithatdangrial |

such as froul an ester series or a poly- a -olefin series, nmagnetic fluid,
or air. [PQrédteRadirahesdynanilmspriessenreof)eie tatishgygamiy peesfurst betiovnis i n a
herri ngbone shape, for exanple) are provided on at |east one of the dynamc
pr essur e resirdiacdsregardlpnes ofethe] pryitidneed thepgotondniyse pot dbe Agliahility obthe
two bl ocks of concave ring shapes separated in the axial direction. Wen
the rot athe8HIE AKELPIPefee, the punping action of the grooves pressurizes the
| ubri cati[ﬁﬁ]c?tll uid to generate a dynam c pressure, SO S that the rotating
shaft 21 the rotating hub 22 are shaft supported in the radial

di rection. [002%1,% GARIlek A SBahtd¥Rt bE @Re BRehSioR WAV Bledppirehif GrobDEheof the
bearing space in the figure that forns the radial dynam c pressure bearing
section RBiowiRe deedidd disyripQeh,i tAlers BC térGindiDni 8ith tthel atenethnlyingadraanigte
surface forned on the rotating shaft 21 ox on the bearing sleeve 1.3 that
gr adual | ythui flénsrathebpeayi ofgexgayrde, t wiond Seatres oliembeimgpts plthrenresast and
has a gap di nension of about 20 a mto about 300 a n) for exanple. The
surface liavetiosf the lubricating fluid is positioned within the capillary
seal i ng s[ecti on RS in botk~ the notor rotation and stop states. C0026] A
rotating AeP122 that al ong with the rotating shaft 21 forns the rotor

assenbl yﬁ%gﬁﬁgbgg%édﬁ@ﬁﬂggﬁwsl y cup-shaped nenber nade of an

al um num ) rdi ng medi um such as a magnetic di sk (not
shown) can be naypteeh Retdial Yt big spitalRotdrprblideg aitiet Mrigalynbmide
rotating hub 22 iS provided a joint hole 22d, which is joined in a unitary
f ashi on tgregmghbaresEafpdranss fboriditg thizin ambddimém: dfshe aresanbinvehtior.ot at i ng
shaft 21. f002~1 The rotating hub 22 has a general ly cylinder-shaped body
section 22a on Vhesd i@a elans FHJF&*F@P%(Y@“&O&%R xgypiR, f P2 PETFSEHe

bottom i nner circunference wall  of th}et body section 22a is nounted via a
back yokesepoRtng groavesiioRedRAlrEfi /8 agnet 22¢c. The magnet 22¢ is

positioned to fage jhe outerhcircunferenc : i i or e
R 100283 A CHE O ¢ SR TAEHSEY e bRAC e BylpB6G, AbidkRoBiel Ui
di sk- shapg uwgyﬁ;mm BiRs@d- bethugt MigishiRl idt € sA3pdrile@OstateabROEing @ an

cyl i nder -shaped”concave recess forned at the bottom center of the bearing
sl eeve 13miodithéie dfetepsesohs frlvestileari ng sl eeve 13) 9  the dynanic .
pressure surface provided on the top surface.aof the thrust plate 23 faces
in close proxinilig. 4 ffea GRHARIY cr9prsactiorakYipy £ ahp FRARA B OB RTAEAR Fithg

sl eeve 13. A . dynam ¢ pressur eneratin roove is.foz:med_on at lea one
of the tvib TS HGREGR AT B bt QEUUPE R AEEan Ard S PO ot Byhat

pressure Qgﬁrl I . ormed in the gap between the dynamc
pressure surﬁggggﬁgﬁh%%gﬁgﬁﬁﬁg?n% ate 23 and the bearing sleeve 13 facing
each other. [0029) Tn close proximty to tl~e bottom dynam c pressure
surface of the thrust plate 23 is a cougter plate 16, which is formed from
a di sk-shaped nenber with a relatively large dianeter. The counter plate 16
cl oses off the bottom opening area of the bearing sleeve 13. A dynam c
pressure generatnng groove is also fornmed between the dynam c pressure
surface provided at the top of the counter plate 16 and the dynamc
pressure surface on the bottomof the thrust plate 23, which forns a bottom
t hrust dynam c pressure bearing section SEb. [0030] The two dynam c
pressure surfaces of the thrust plate 23 and the dynam c



pressure surface of the bearing sleeve 1.3 and of the counter plate 16 that
faces themtogether constitute a'set of thrust dynam c pressure bearing
sections SBa and SBb next to each ether in the axial direction and are in
eack~ case arranged so that the opposing dynaxuxc pressure surfaces face
each other acr@&g. a iFidélengap ofuseratiow phich shodstseintuibribeatswly of Ithed i s
charged continuously into the mnute gaps in the axial direction via a path
provi dedecafficidrs afutlestiaiiy outie et dphamitepnepsuys thegriagev sl Teppasg|ty the
Furthernore, normal herringhone-shaped thrust dynamc pressure ge ating
gr ooves $apth of ithe tBNESCATREIR PEASHEL CERFIAEE GRS TG 28 HPATHESAY ChPE
pressure_surfaces of tﬂe thrustﬁ$late 23 and that of the bearing sleeve I3,

and on afloAtREATGHE FF0G HEUFU PR ¢ pressure surfaces of the thrust plate 23
and that o the ﬁi%g GaE?u‘PtC% PlodliEnahOviedS of 4 Bt ayIER psBhicOMehAKES

pl ace, the punpi ion of the thrust dynam c pressure generating grooves
pressuri x%thz% alebHiinzAb A2t Her Wifholi Bnent G€ HIEY PreCerstyindsAteorpr essure and the
rotating shaft 21 and the routing hub 22 az~e supported in the thrust
direction. A furigheis #pidtidaal viewtdie chvamiond) fiewd eapingsepreatyener at i ng
grooves is that they may be formed on the dynam c pressure surface of the
bearing sleeve 13 at the top thrust dynam c pressure bearing section SBa
and may be forned on the dynam c pressure surface of the counter plate 16
at the bE®m t hrust pressure bearing section SBb. E0032] In the spindle
not or sh Ln_Fj L pad. -Naagnehicasattraction plate 17 nade of
magneticﬁg g D '- .'-o' i The ui agnetic attraction
plate 17 is fixgd. | f f S0t be dxpldiase weidwace of
the drive magne éj‘é% gxﬁgoélh}es?gsf 8?3@%&%@5 nggg?gfgi ng neaér??. The magnetic
attracti ppedl At Gveldl alitdcddeSoft DBk @G6€TADY) vicowarwisich [the pressmt 11 by
S magnetic attraction Force between the drive nmagnet 22c and the nmagnetic
attracti piveptich emdy belhpplied nwillibe efplbaimedfr cefersnck atogdhe t drgpmpieying
gravitational force applied on the entire rotor assenbly 20 when the notor
i s pl acedraypsgde down. [O0D33] Therefore, the magnetic attraction plate 17
can al vvai/s Eull the rotor assenbly 20 towards the fixed Frane 11, even if
t he not o002 pl aced upside down and the gravitational force is applied to

the rotor assenply. 20 dis ot hiGadidl 96: AHBHDR6wEOAR6S NokndalAl ©)

t he counter pl contact’s the bottom surface of the thrust plate
23 of thsncmteg%%wﬁsse% HbC wiRk @SRUS €ide8 ahémBe:S @6H1 DRotOBRssdDNF 40, Wien a
current 1's applied to the drive coil 15 and the rotor .assenbly 20 rotates
by the el @ghr@npesating ehbernadaahviRarn tvp ot the Gtatooragsekdblarid. e datove
magnet 22c, the thrust plate 23 elevates fromthe counter plate 16. Wen
rot at i Onaésembly 10 duspefiged] framrell herawed gty 8 fxed kase onchassip el the Ve act
with the counter plate 16 again. Eoo3~] Ip addition, regarding the top
thrust dgreatREIsHREs 5’&‘:&“@3%@3? ifvrgd feantq bL 155%5“’&% i°£ ﬁ“iaﬁ‘é’f‘tfg‘é’é "t"ﬁg‘ ’ﬁﬁ‘bee’%a?
surface of the thrust plate,.23 .and,t : f o mdEp RER iNHe S| €EVE
13, the HbradsRt Y8 Fied o c‘tYHgg lgagreilér?ggs}ﬁ% %g/%gﬁ@%é’o%gﬁnotmfoﬁpm %ﬁfll at
surface g%&e%ﬁﬁcéﬁ‘;& §¥Uaf&qge;fﬁe9rf%éjﬁﬂ VY bdhriiit s16dveikis: a BbNdW eFlimdee) t he
beari ng eeve is 1s forne roma Conparatively soft netal such as copper
or coppethédel Whichl{d Hiksd bodriBARymber, kahidatliod wf art henet ejrctinfarspeedyfrei ¢
pressure bearing section SBa as well as radial dynam c pressure generation

grooves besrimglhader 13 andtjenadito che baarirar kolder Ltraveh ppoeI8) oraritelibt her

hand) regarding the bottom dynam c pressure bearin ,ﬁecti on
The bearing sleeve 13 is formed from a copper alloy mateTial, such as phosphorous

bronze, in order to facilitate the machining of holes with small diameter.

[o022]



SBb whi ch includes the under surface of the thrust plate 23 and the upper
surface of the counter plate 16, the upper surface of the counter plate 1,6
has a flat surface which is achieved by | apping work or polishing work.
Further, the counter plate 16 is fornmed of a hard material which is a

heat -treated rughl @3Sotbeelrcuh@PSdde AsSuttese shlfack abelve beatien hbhier ridt Gr
assenbly 20 stops rotating, the bottomface of the thrust plate 23 renmains
i n cont agountddna tshftoE @bt Bf indladiag kostabkddinybotdt bevyt ¢f elsttroippammts Pedssure
bearing surface SBb. In a | owspeed rotating state such as just after
starti ngpbitehefodeve bappb g wobod ko replbef ther watiginn Pelej REPYS PrevedsdtActRewi t h
each other. |Idowever) since the upper surface of the counter plate 16 is
fl at andstedpricore Aé- weari ng of the dynamic pressure surfaces of the counter
pl ate 16 iand {he thrust plate 23 can be greatly reduced. [003s] The
struct ur e!®#3t he thrust dynam c pressure bearing-according to an 12

enbodi nent of th res i ] j kbeg. F thedpdptde WikddR
reference to Fi g.g b%""%‘ﬁ%%f%&‘“’ﬁ%??’g. isé)ri gﬁg& snggti gﬁ%ﬁw\ﬁ gbw of a gspi ndl e
mot or forga, bl 'Eﬂrtaofsmpnﬁslr stabdblj R0 ol Eitid shile 31, ds dnderted
invention. Fig. Is a sectional view of the notor in a rotating state.
[0039] | Rpdigihe3bedrivy héle USThrahang3hats 20liinade taesme cevbddipienttie formtedt i ng
shaft 21 and is provided within the recessed portion 13a formed wthin the
bearing dtee\staitBss Eealst THisnmenes phits ther etfdne sierfg JHrddeds 8EAWE ng a

depth dl are fornmed on the upper, surface 23a.of t t hrust  npl at The
upper sumfemherpisformed frogm pgmategiph Atk M9re §‘§ﬁjﬁ%n°§ 32 é €of t#ﬁ’eg %éagérglb g

sl eeve 13 (the fiyrst facing er.)_an te LGPl e
bearing SEEEH 5h? %é?té ’ﬁ‘%mclf%"r négqgf/ 1%?165 ogrecgélrgl ?ﬁ%gg%%%g%ceﬂ%lgtad\%gﬁetkﬁ?%per

surface 282 130n} Ufecieanl B0oHhELY SivhimidbBsuid buTicedwiad & postsadeto
generating grooves 5 havi ng a depth d2 axe fornmed on the bottom surface
23b of t gt bk USle RPARRE Bectibhea b@daaiie spirebace 2Bfadeadesnadinton shadyméen c
pressure surface of the counter plate |fi (the second facing nenber) and

t he bot t iRctialdisheedyurdatecofpphe sotatingbduds AL snshfthet 2SR Isldymgmie #refiehe
bearing gap space between the bottom surface 23b and the counter plate 16.
Wien t he beetiog ssetiqrs RBt isecrpaied dmminige eeasnh 6d beteeepnihg Ay nareit 8r‘%§“’é?nd t he

dynam c pressure_surface_of th ounter plate 16.nake t b force of
Che bi s @4giagkn LG SPEATE RAE SPAE e HAg e L0t L att A ot es: &

[ 000] The dept | of the t 1 5 Al 100 kRO ¥ESa1SGa
f or ned oﬁ“%l gneé]lfg%edongﬁﬁ g{(;:gezllg as‘%% gt Ife:ﬂgere%?tﬁﬂg %?R?hgtezaﬁrﬁgt dynami ¢
pressure genekaliig.drRaMas sstvd REITBE @idhtdiearéan sidtacap23h fawexso
determ ned as to satisfy the relationship of dl> d2, tk~at is, the depth
d7, is degpgis hanetdap faaps h-bd2rihg spdve intr whichphbtieatdd; fluid/igeanfinuasly Wien
the rotating shaft 21 and the thrust plate 23 start rotat]j n?, t he, dyrham' c
pressur e dhargedenbibetois dircgion. dVhambkriostiagdlira iply ergmelsy fukrieagmg ©
increases to neke the thrust plate 23 ?I evate At _a speci.fled number of
r ot at | onssuck Be lpphameetep peries R BEY 1 ha At 155165t RPERE Gy Rant T b essuze
beari ng s[ﬁé%ﬁce SBb and the dynami c pressure of the top thrust dynam c
pressure ing surface SBa bal ance each othez so thst the thrust plate 23
will continue tqohalgabdib pfesthAl BorlelMing ReookbS Usdt dhodinP iR% HEVritighoms a
specified elevation as shown in Fig. 4.

shape, for example, are provided on at least one of the dynamic pressure surfaces on

the bearing sleeve 13 and the rotating shaft 21 in two blocks of concave ring shapes
separated in the axial direction. When the rotation takes place, the pumping action

of the grooves pressurizes the lubricating fluid to generate a dynamic pressure, $o



[0042] In this case, the relationship between the gap dinension L1 in the
top thrust dynam c pressure bearing section S$a and the gap di nension L2
iz~ the bottomthrust dynam c pressure bearing section SBb is as foll ows;
L1> L2) that is) the rotation is perfornmed in a state that the gap L2 is
snal | er thanhthetgal dukft Thiandithe FoGOMEINER 6ol Siafesagitad RDilesradidlr act ed
to the frame 11 by the biasing neans descri bed above. 100~3l Fig. 5ie a
schemat i @iredtidist rati on whi ch shows the simulation results of the
coefficient of elasticity in the thrust dynam c pressure bearing, that is,
t he magnlao2dk of the repul sive force by the dynanmic pressure with respect
to the depth of the thrust dynanic pressure neratjin %rqove SG as . a

par anet er of t hé capidlaal aeplpepveh Refs P*Péfldcel‘}rel}g‘ge ﬁ?l’af’feth%?. AFIREEPRce 13 thep o

f th I t ed di i f.th | t 50
cases of sthe BLEvRLed AU I0R 0 s Q0 LA Utk PR B oRge
el asti ci g%'ﬁ_ll{n@t %?ﬁg'% Wg;ﬁtstg%m'd%ypér?ﬁﬁélﬁ SubSed ke A% ﬂ,%f@ng kgt @9 the

dept h of e nam c pressure generating groove SG [0044] As a
result, wheR {HacpHraQy slesvelapt that Eradwglyessdene! thei heirias gdpdyovtards nehei t h
the el evated amount or gap di nension mai ~ltaining a constant value o 5.0 ~C
m the coefddecifaht behriakamtd bag ¥ gamgiménsidmefr gt 0 wint e abeuted Mt geiagf

about 8 '~ mof the 14 depth of the dynam c pressure generating, groove
and the pewkpleal The strfa¢eclevelctifthe huhricaping &luid i pesitjorsdaFithin Hisotapiary 000
Nlm [0045] Irspecially, when the groqve's dgpth is in the range of 1 tines
to 2 tingedingrsegtien BE 4D oy theBoior TOB1An ARAF IR 41818 5 the groove depth is
inther of about 5 a mto 10 /t m a sufficient coefficient of
elasticiﬁ8g§1ound 90% of the coefficient of elasticity of the peak can be
obtained. In agdjly h%ef% the IApeitR @ePidiatise isRatthgl renge Bé roheut 0.8
times to 2.8 tinmes of the elevated amount (5.0 ~ m) that is, the groove's
dept h i s,idapttlf 20a8G6rREd aelh ghnbrallP fup-dthpad Mehe nadé bf Gnexmifiun

el asticity reaches a value larger than 70% of the peak. Ga the other hand,
when t he ntbegdf roofhat he relspmdimg crplioss sneh gerrersagnatic ghis\aot shewrlgesn han
about 8 a m the coefficient of elasticity decreases gradually, .a 9 when
the groowwwtadepnnthesrosping o B2 o the cRRer rarer it ™ frc&F‘3§‘Filb‘fbt§ r8aches
appr oxi mat el 'y one-thir t he peak., 046J xt, en | ev. nmount
is a conBfotided, gpeiat &Pﬁe?g@'a%cgr’iﬁ“ilﬁ (Pb'?eﬁt‘hnl\llg%rytfﬁﬁ alﬁntgal?ﬁ)eué%p ]éegésgl{réeoq
generating. ove . s progressd.vely ingr , the coefficient of elasticity
i ncreasegﬁrglg% ue‘{‘ilf}ilaﬁptof)%‘r%ar ‘?)fu%g r%?k%%%ﬁgﬁ;ﬂf he peak val ue of the

coeffici ggyo7pf elasticity reaches about 33,000 Nm That is a simlar
result to the case of the elevated anount of 5.0 a m Wen the groove's
depth is in thehe aogeingf hatb@dthane genmedlyt cylindershapsl bodsheedioay dte@n

amount) that is, when the groove's depth 15 in the razrge of abo%l;;r 7.5 ~m
to 1.5 awhost beter ciffimfdrente pfisk|iasmougtedy apd opghe hattorom@ey SIFERP e 5out

90% of the_peak, .t~lso, when the groove's depth is,.in {he.range of out
0.8 L1 modakpiahg Ryt TitesaRRgurL bt Yok 2Rt fad P Bpel orOL L
isin the range.of g lr mto 2l G ABACOC b ClN bRl &tasifefiky daaches
to a val a"eagPs‘?%%?- t ha% oegfzyﬂtchf’e% esétk. fhe curve of the elevated anount of
7.5 ~t ms{lﬁa-]::é-k&'t 55}1&511 &5ef@re gradually than the curve of 5.0 a m and
after the pea otbt e coefficient of elasticity the coefficient of
el asti ci {ypz@pcreases according to the increase 15

At the bottom end of the rotating shaft 21 1s fixed a disk-shaped thrust plate

23. The thrust plate 23 is contained in a cylinder-shaped concave recess formed at

the bottom center of the bearing sleeve 13. In the recess of the bearing sleeve 13,



of the groove's depth. [0047] Wen the el evated a~o~.ount is a constant
value of 10.0 a mand the depth of the dynam c pressure generating groove
is progressively increased, the coefficient of elasticity increases
gradually up to around 16 a mand the peak val ue of the coefficient of

el asti ci by, AEAGIEDrERAN s T2 Q0RoNaRE oS!t ithPEurtEfeel TE1E ABREHBILe tREFaCdseVat ed
anount is 5.0 a n) when the groove's depth is in the range of about one
times toik \Wst ippeEmefy tHeedylseniatpeeksaro sinif)cet hravided, onttenbédringrleewe 18 dept h
is in the range of about 10 a mto 20 a m the coefficient of elasticity
reaches a dwmlansicairecsurd@mefatingesperkis fmndtdreaglessy ens depe HEWosiachst he
range of about 0.8 tines to 2.8 tines of the elevated ,amunt, that is, when

the groovensmireyrepeure spFfacte apdiger Ghruth JiP2BIPIEAF TS PSRTING Sfitiqondbs 18
coefficient aof, elasticity reaches a.value |arger th 70% o eak. The
curve of TtURe e*\?ﬁtgé‘ac%ﬁ%ﬁ?ﬁ abef'%ﬁ? cgr‘?ﬁs'\’}%ﬁf‘%gacr?%ro g%"r%‘ﬁ"g{ F%/aqgﬁgna%tlahe
curve of 7.5 a.min .t Lgure after the peals of the coefficient of
el asti ci ttl§e %%éngc%%?vfer% Egﬁ g(ffac%?g%f'i city decreases slightly according to
the incr of the groove's depth. [0048] Fromthe results described above
in Fig. 5, |g i s understood that when the anmount of the thrust plate's
el evation is srmblo&d proxhiRitg @ethd bortsth dphamleantbamire yuifacd off gerthwidtiplate
relatively smaller depths of the dynami c prossure Sjenerati ng grooves. On
t he ot he2Bamd cowiren pldie 16nwhish ipfortied from adiskpshaped embey geiflA rplativalger |
the coefficient of el asticitel i's Iarger W t h reI}tgively | ar ger dept hs of
b1l

the dynaksteefiemstare JBpcCEPiRgPIgFodledoseeihdhe RAOIBSOPSHAE UBB d as

illust d, in Fi ~ .the th t d 1 C,. i i d

| such BogEaRRere R 4 Rehl e PO fuRE PR B BEF KB R epbig i 1
eSHGh 'sgﬁaéBlpro'vﬁieEaa'% LOVEp SRR bR NAR:Hh6RAAIt08 dbkdaiR  Of

pressure j Sﬁﬁ{c
the top thrust ‘dynam c pressure bearing section SBa in a rated rotation

state. (BL&lsk fahidod e b&ish of 3h&enhat dldtore3s halid formsly bbgon thrhar ger
coefficient of elasticity and a bearing rigidity can be achieved by setting
t he dept Bygima pyaaire bepies sactien GPber ati ng groove in the smaller el evation

anount side o the thrust plate 23 (the bottomthrust dynam c pressure

beati ng $e@0lon SBb) smaller than the depth in the | arger elevation anmount

side. At this time, the depth of the_dynam.c pressu neratjn roove is
preferably in TR 'WafgaeBiaBHIFYs. %‘rﬁcﬁ‘%gfnlﬂbe : s?ip#gg f 4% éheeﬁgv%t °on
anount (gap. dinension r ust I r d

rotati ong.rgsrgh“ret Tﬁ“er??cevdgé‘ﬁz £ %%q%ée%{‘ veoléf)hg& ggﬁgénéog ngerrepgéﬁer lednggralg%%e?i trllnamgr oove
Is set | rt]oée_lgﬁerr et 20QUlr ARRst! dyRSnit Qriddard BERSnObediitas fdMmALhOEBAMOUNE
(gap dinension), the coefficient of elasticity caz~ be achi eved near the
peak coefubkfteBichodthel as tthe iakial idivektien Rat taamih leadls tcashy naingepse shatzthe
bearing section SBb_ (0050] On the other hand, a l[arger coefficient of

el asti Ci bypesiae dyrloaeicipreesnke saifaqes daas d9eh athriraageess iymimite iggp of Bdeyath of a
dynam c pressure generating. groove in the Ianger el evati on anount shqg of
the t hr ugpdpghbatebniating,8uidls thererd COFIRPRY RS Bie, BB §905 Rettfi B SBs)

| arger than the depth.in the.s | er. el eva ' his tine,

t e Gept ASBFIOT 48 DyRirevinra 38 The Sief cFURb AL Blo BiGs pilnd pf 1 S 11 10
range o 0.8 tines to 2.8 tinmes of the El evated anount of the thrust
plate 23 1n a rated nunber of rotations. Further, when the depth of the
dynani ¢ pr essurgrt8eRLs@l i NPraEDoRtiggkel-dhapsdie thange Gfnabiout posseutei nes
to two tinmes of the elevated anmount, the coefficient of elasticity can be
achi eved greemtingegnoerss goef fingisbape gire giravidediomy at deasherneopt £ (EP2Mnani c
pressure bearing section SBa. (005I] ' As_descrihbed above en t.he

coef fi ci @HessBTe Biraaeep of the Fléfugtei’l%llﬁémﬁéaﬁt o teneaning %ﬁ‘rﬁe\oﬂi GRAST Hhe.
coefficient of elasticity.. close_ t he desjre foqt ff4 pleent of
el asti ci ?ifasﬁé’ﬁ'e b°efato etglnr?\éidc iprlfesesﬁﬁeh?%"%fa%ﬁeﬁf e u&rxgéegﬁtér)lg Bp%ﬂ ?gﬁsgfsglae and
11 SBb respectively, even if the real value of the coefficient of

el asticity is shifted a little fromthe;peak value by the residual stress
ox the distortion applied to the thrust plate 23 when the dynam c pressure
generating grooves are fornmed on the thrust plate 23 ox when the thrust
plate 23 is fitted to the rotor shaft 21. Therefore, when the rotating
menber begins to rotate) a dynamic pressure with a high coefficient of

el asticity occurs even at a slow speed and the thrust plate 23 begins to
el evate. As a result, a sliding period with the counter plate 16 can be
reduced to a short tine and wear in the thrust dynam c pressure bearing
caz~ be reduced. Consequently) a fluid dynam c pressure bearing apparatus
having a high reliability can be provided.



[ 00521 Next, another enbodi nent according to the present invention is
described with reference tv Fig. 6, which is a sectional view of a shaft
fi xed-type HDD spindle notor. Iz~ Fig. 6, the sane reference synbols are
used for the same nenbers as the shaft rotation-type HDD spi ndl e notor
shown i nciRifer f1at@e. | AS 20886k, PhédPothGoRMhlkdsgacd, QS Bhmphgy kRIS ndl €
notor shown in Fig. 6 includes a stator assenbly 30 as a fi _~ed nenber and
a rotor gsaetidynadic asesurotgahemninge phervearpradsuriges ohatlabtiyatinglond ed -t 0
the stator assenbly 30. The stator assenbly 30 is provided with a frame 31
fixed togenaraiendyivasisiryresdure rvexddtﬁev@tat{b%ﬁgaﬁszl( thé sogeyingyheb déragy, etc
A fixed shaft 35 as a_ shaft nenber ie nmounted in 2 center area of the frane
S 1) andsvrreripdpiartheiiresrdireshions HFABPERePTN for he APpsy dHBrEIg BRSSP ew
to the drive ghassis. This construction. ;i S known as a _notor [ th
ends. of EHEFSHAR EravEs 7 Shat B oBEH P KPEirs BriD A PRAR o RL relEL S A8 T
with a bearin e 1S ri f the
Fi xed shoFRe At el e Bp B BB B Y g the
rotor asggmYor e dy%amiagfe%ba&eauﬁhrck \6€ thR@ter’Platd $6 BOYRS Bektod tAPudtnner
wal | surface of .the hub 22 via a back yoke 22b. 18 [0055) In an internal
peri pher gkessuellRacingfsecticefBlr hol e of the bearing sleeve 41, s pair of
radi al bearing portions axe forned apart from each other in an axi al

di recti of03these radi al bearing portions face opposite to an outer

peri pheral surface of the fixed shaf air of radial dynam

) t 3. ;A C.
pressure beari nfs the Spingdle moter, shpsy b"éi"\)\%eh; a tgﬁ’eg hAPAH R aFRBES BB EGPt aces
which are,forned gQz~.the internal. peri t he '
por t i ons PEF® tlﬁgmﬁgﬁr‘ﬂf Ao lév%atﬂlagrll% nfoﬁgg%ly %‘3#1{"%&03?%@% ure Zﬁ? %%grede gr ned

on, the ; - ; | f 4ntdhe DB RS rLLel F
r ot at abl 3%5‘%})"%&138&11?{)@% ﬁ%&'«? {ogggeg%aeg?ﬁ%%é i)ng?i??%di al direction by these
radi al dynani-vepabeabk eodecani NgeriBre [i06406ds A biusisi péaise Bfe isadrexied to
the_upper end portion of the shaft 35 and is disposed in a recessed portion
f or med i atmanctioppdatecEnd ttedctpehetrobdr dshen e R0 tnyaxlsgbedrade 1The appgsnelcust
dynam c pressure bearing section SBa is forned between, &F%‘é“amc pressure

sur f ace) atwmaqtispeioresubatyeen ghe drize BRERFh2Spbile BPEREIGE vourplatenh- nenber
and a dynam c pressure surfac rovi deqd on a bottozv surf.ace of. the.thrust
Dl'ate SbTonmgGRr (hthe Lroris oL I AR e PR RIS fores BBBRES 7 AN, ¢ he
counter plate 44 faci. e Rg¥hng a larger dianeter than

t he thrug?mbfl%stegbi%gﬁgiﬁggﬁ?ggﬁﬁﬁgg}lﬁgggﬁl&na portion of the bearing sleeve
41 so asl[dcgg,pppose a dynam c pressure surface of the upper side of the
thrust plate 36 in a proximte state. The bottom thrust dynam c pressure
beari ng secti onThBlafdrs, phsimhipred batastion plate dynesm @lypees sutle tharbce

provi ded oz~ an under surface ~of the counter plate 44 and the dynam,.c

pr essur e aswnibdye 80 owaidddle dixed Brama bheven if thaceotor ig Mecthrpste frirends. A
| ubricating fluid such 1lulrica.i ni il, magneti uj or,air.is filled
i nto thethogramtrtional fryee d?naﬂ’ﬁf"ﬁ‘gttgcfgﬁd}ﬁf% %ﬁ’@?b@r éb'bigﬁ’nvéhesrhrt 2cée" sBa
and SBb and the radi al d 16D r 109S.+] bidh: (002 deel 2 @
spindl e ﬁﬁs[eg'rtblf% ﬁé% °5 R° |°?§tg]' %fe %gg?egspﬁ#ée%re%%g?tsuéﬁ telll;egoecl’_nroi n%ﬁghaeped
magnet i .2t HIAck 1190 £ 8¢ @e bOt#dROG R & ndRIN SiebburdBeefih@ldction $BiXed on the
frame 31 so as to oppose a bottomend surface o the drive magnet 22c. The
magnet i c [@fgut action plate 17 attracts the rotor assenbly 40 to the side of

the frane 31 with the magnetic attraction force that is |arger than the
magni t ude Qf t hWhgpawicoerenbimprplindcto thy dxivhigeit d5tand Pt Brton dssemaly 240.
Therefore, even en the notaor is diz~ upsi de, do manner

nmagneti c r%\“ﬁfetsigtrf'vgg ﬁTeﬁF’é’t“éagf'?t‘g F?tf?nuge?fv Pt the ?QﬁteolgJg rc?)’feolr‘fj%f\élggtehr?b rflve418a%%%t he
frame 31,gjV rayit %-appll t YARL ThudsionWaen the
r ot or asszgéribﬁ{;} i%&%ggelgxﬁo%ar%tggétg? %ﬁ% E%pgérnngirr g%g”gé the thrust plate 36
and the bottom surface of the counter plate 44 of the bottomthrust dynamc
pressure bearing section SBb are in confjact with each other. [0069] In a
shaft fixed-type HDD spindl e notor described above, the counter plate 44
and the bearing sleeve 41 are fvz~ned to rotate with respect to the thrust
plate 36 attached to the fixed shaft 35. To the contrary, in a shaft
rotation-type HDD spindle notor described above, the thrust plate 23 is
Fixed to the rotating shaft 21 which rotates with respect to the beating

sl eeve 13, and the counter plate 16 is nmounted to the fixed nmenber. These
two enbodi nents differ fromeach other in the fixed nenber and the rotating
menber, but they are simlar in. basic construction according to the
present invention.



[0060) That is, in a shaft fixed-type HDD spindle notor shown in Fig. 6,
when the rotor assenbly 40 rotates with respect to the stator assenbly 30
in a rated speed) the gap dinmension ~2 of the bottomthrust dynam c
pressure bearing section SBb is constructed so as to be snmaller than the
gap di nensiaon,L t h ' r HErewliB8adHeNgusest pate IBa. The
dept h of s?ﬁgenﬁeydéé%ectﬂg?%g@a{reeEgz&%‘?g??%&gﬁogﬁzs 20 in the bo!t)tomthrust
dynam c RLgasure hearing section SBb is forned shall ower than the depth of
the dynam c pressure generating grooves in the top thrust dynam c pressure
beari ng gmsb]l on SBa_ [0061] rn addition) the depth of the dynam c pressure
generating grooves in the bottomthrust dynam ¢ pressure bearing segtion
SBb, of which theadgipodi regariing thetopsthangt| dy@amin arpsE e ‘@féﬁ%i%ﬁ%‘rg 1.,
is established so that the coeffici enﬁ&}éof Iasid‘,_i Cii%ﬂh f t& he battomm & hrust
dynani ¢ phichsinckidge shy BRPe SUFiasTH OGBS EStg"g?ﬁ?r FRF tHeGreéafest val ue. mre
speci fi cahy, the depth of, the d m ¢ e i S t he
Dot t om ¢ AFATSRS BlFRELY PRk SHEAN apRRCiRE: BERR 18 Wp hORUES. Tar |12

di mension_af 0 ' - i . 310k bak) FPthGan 4l theNeiasingl 2.
For exanplt ?ce\/\ﬁ%ﬁh%{géeg5%&%%%#5‘?2}?\9?2\%% ﬁg?@fis the el evatﬂd amount - of the
thrust pLRLS 39 ik Pornddatr66 4 @bdparakively dft-tetnl duak adepphendr tdppedypbani c
pressure generating grooves of the bottomthrust dynam c pressure_bearing
section 9Bk isforatsgbidrkastithet thedpp thryspiprrinie pressire hpringgestier HB?S t he
coefficient of elasticity of near the ma:~i nu~m val ye can _be obtai nedq by
setting wed geocsdialiepinentiet RESAS FORFHHID1GTYVAT F‘é’é‘ég] °Pn1t§dd?at[ef% , the
depth of the dynamic pressure generating grooves in the top thrust dynamnc
pressur eclé‘é‘alﬁf%@n‘?e”’é?g&?r SBa, which is the larger side in the gap

di rrensioi 3| preferably set so that the coefficient of elasticity of the
top thru ‘?0 cﬁ@nan‘i C pressure bearing section SBa has generally the greatest
val ue. [0063l | @ thi,8GOPRMUITRR rd fhe MR G A duficiprosbupt dbLridy sésion
provi ded on the frame 31 for urging the rotation nenber to the frame 31 _
Thus, "t heBEuOWRLR indh@dsethd hrder audeeosfche dbiusy phesat38randsthie orppet swifage of

mat eri al of greater hardness than the bearing sleeve 41 as a first ff aci ng
menber, ahel cowmet platst 16| the cxrper curfasy ahyke ePwat 8l4tp o Bae 2pdt% SRt %r ust

dynamni c pressure_bearing surface S$b. . l.n addition,, the surf ;

r oughnes &vhagh is %@élﬂﬁﬁémqﬁmﬁf‘%@ﬁ]?‘ ar gplishing w8fk‘thg‘gtléegu§tfee¢éu6 ?ecatﬁ)el 3%41‘% §
formed mre smoothly than the, surface. roughne f e dynam c pressure
surface (f?r”i‘ar‘i]@fﬁ‘el?r’%@atﬂlétvg‘miﬁ a%ﬁ%hﬁa%eﬁéﬁg%eftgg\?en when the counter

pl ate 44 ]the thrust plate 36 slide together at a slow speed of rotation
such as n-starting to rotate, the wear of the dynam c pressure surfaces
0 the counter plhatfséddbaansbdvbewhéd tisd rqabahesedfble a0 shepsevotstéme|the bettowed
because the dynam c pressure surface of the counter plate 44 can _be forned
smoot hl y facdoffthe mechsbplate Patremiagis infecogtashvath therwnates platgUssql thy bottom

enbodi ments of the invention are degcriped_above. Hogever the, present

i nvent i orthiwst fonamigpresnredrear@s AHEHGE 1n RloRr TMSEY TRBERS) Ak Ry

nodi fi cations,  can be nmad i thout. departin 0, - i i@f the
present iJHVe?#?rﬁ?rT%Q%?e i f%@plgﬁb\gghn%ﬁ%%{ﬁeﬁeﬁﬁgglgiryégtq é ,c%%ﬁgigrrpl e)
the thrust dypamg oress i okted pBatk BB dlA KAt ,
surfaces egfh%é eer'tﬁ?ges‘fé’p#g?ee&%gﬁg%g s%%a%]&?régz:xi al él)i rection. However, the
thrust dyRanirREGTIHE AyHSRRY RlebdiGe GupRVASHISEe ayntee plotemetanh thehthrdstnani ¢
pressure surface of the bearing sleeves x3 or 4 ~. as the first ac~ng
menber, angte@3 dabedyrnamy eedocessure surface of the counter plates 16 or 44

as the second facing nenber in an axial direction.
[0038]

The structure of the thrust dynamic pressure bearing according to an
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[00s71 ,Also, in the above-nentioned enbodi nents, the nmagnetic attraction
plate 17 is arranged at a position so as to oppose agai nst the drive nagnet
22c as a biasing neans xn an axial direction. However) instead of arranging
the magnetic attraction plate 17) the rotor assenbly 20 ox 40 may be

attracte Boceliltnﬁgt I)frt@lg?rgs%nt ﬂ'[veﬁgioxl?Ys, Shifibidge18w TR IBEH] wittaRtiEnRftotFig drive
magnet 22c wth respect to a nagnetic center 22 of the stator core 1~ an

a rever s gi Festaqi of isth@cfisi®iew 0068)intile meidk foronHDThin s bafobedrerer 21
or 35 and thrust plate 23 yr 36 may be forned as one nenber. The thrust
dynami ¢ v essubaligenesiithernge gmo dvestiSs Figr Adtla gectidpal viewuafithgyates & a
pressure bearing SB may be configured as a shape of well-known spiral type
grooves rotstiemstatd- t he herri ngbone configurati on grooves shown in Fig. 2.

[ ooss] Furthernore, the present invention can be simlarly applied to
notors ofP%%e side shaft fixed-type motor instead of both side shaft

fixed- type mot o SHOMNLNLELY.o1 e 90Tk WbhPeldier dESELI Rl ataouR T ef or s

to particul ar invention, e understood that many

modi {1 Catl ONg:dTBYw DA e riicbliQUbortiRRA o AR OMhhe SO bEiing htveeofis. The
acconpanyi hg clainms are intended to cover such nodifications as would fal

Wi thin t BBmisk W§nSBAPEredBitkeSEinkidtingf gdoheespt @s diavirigny depitonl dr@d7ddedThr
di scl osed enbodi nents are therefore to be considered in all respects as
i || ust r atHevepmendsurtice 2t of thei thausThlate @gpdhafunmes swilpsnt43anfapes Agto 2

and ol | drmamieSrorEh SEGHE 3 A HRaAE SHERPAq A AAGEe - RN APAREY of

the clai {To% tellxrrgstt y%ra%lcig E)?esisgzteel?e%?ggts%c 16n %ggrig(fn?r%etdhﬂ ﬁlenbga%ing gap space
between the upper surface 23a aﬁd the bearing sleeve 13. Also, thrust dynamic
pressure generating grooves SGb having a depth d2 are formed on the bottom surface
23h of the thrust plate 23. The bottom surface 28b faces onto a dynamic pressure
surface of the counter plate 16 (the second facing member) and the bottom thrust
dynamic pressure bearing surface SBb is formed by the bearing gap space between
the bottom surface 23b and the counter plate 16, When the motor stops, the bottom
surface 23b of the thrust plate 23 and the dynamic pressure surface of the counter
plate 16 make contact by a force of the biasing means including that of the magnetic
attraction plate 17.

[0040]

The depth dl of the thrust dynamic pressure generating grooves SGa
formed on the upper surface 23a and the depth d2 of the thrust dynamic pressure
generating grooves SGb formed on the bottom surface 23b are so determined as to
satisfy the relationship of d1> d2, that is, the depth d1 is deeper than the depth d2 in
the thrust plate 23, .

[0041]



WHAT IS CLAIMED IS: 1. A fluid dynam c pressure bearing apparatus

conprising: a radial dynam c pressure bearing Fornmed in a gap portion
bet ween a bearing nenber and a shaft menber: a thrust dynam c pressure
bearing including a first thrust beating portion fornmed between a top

surface of the {iuSinePkh@ngNdhate Bi rSid HACKRGIRINRT 290008 RGatiRgr €e0 i N
the axial direction and a second thrust bearing portion foru~ed between a

bottom syphaer @tesshe tihrilet bpitame tiandt alynemonprésura goaaringe surfpgo SBig
thereto in an axial direction. and dynam c pressure generating grooves
formed ofmdrimses admedkedhndhiust plass L3redevoea rAtryspasifiadnenm benueftrotitingsi the
pzessure bearing, wherein the shsft nenber and the bearing nenber are
rotated dynupiterresanrs of Hhreabqtiam HuSE FYRATRHE BregaTe PIATINOTH acarﬁ%%&hei s
he first.th earin

ted i it hat Z.1 of t
pOr L on REFBIGBIESPHEAPI G 9P AT CRett Bt BRAFIEh RERbERP MR ¢ on

and the depf iof J e A0, BL.ESINLRNISNGLA 10 8L AR UaRaMRLE 1B AP

space is°8 or e ower than tha ~ere the gap space iIs

| arger . $1a:l138 ARRAL USpRGRE Ogatod & AlidiMulriELLL her conprising a
lubricating fluid Filled within the radial dynam c pressuze bearing and the

thrust dyogyslic pressure bearing. 3. The apparatus according to claim 2,
wherein the lubricating fluid is air. 4. The apparatus according to claim
2, wherein, the [ubhicatdenghé Iraladionshipubativeen ithe egp| dimpepsions L1 Tigethepprgr at us

Per 1 ngbahesshdyoemie pressuTh oo R FUTINS SHECTMU GoP LBrAPIh 12 TSP APHOThe
& ai m 2, Hhfef betinantee ot Geeipe SEGLABP LA BYTTRE Fhbiaarrndrt i
when the rgt)é@:%gi i§ pBE')%%uSlg& % geﬁg{ea{]:ja@ghug %9}9 Y8Sis M Aef cHAE Bhe gap L1. This is
because the rotor assembly 20 is attracted te the frame 11 by the biasing means
described above.
[0043]

Fig. 5 i8 a schematic illustration which shows the simulation results of the
coefficient of elasticity in the thrust dynamic pressure bearing, that is, the magnitude
of the repulsive force by the dynamic pressure with respect to the depth of the thrust
dynamic pressure generating groove SG as a parameter of the elevated amount of the
thrust plate 23. In Fig. 5, three cases of the elevated amount (gap dimension) of the
thrust plate 28 as 5.0 #m, 7.5 fm, and 10.0 ¢ m are plotted to show how the
coefficient of elasticity in the thrust dynamic pressure bearing varies depending on
the depth of the thrust dynamic pressure generating groove SG.

[0044]

As a result, when the groove's depth is progressively increased by lum
with the elevated amount or gap dimension maintaining a constant value of 5.0 pm,

the coefficient of elasticity rapidly increases within the range of about 8 £ m of the
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that either the beating nmenber or the shaft nenber elevates in a radial and
thrust direction. 8. The apparatus according to claiml, wherein the depth
of the dynam c pressure generating grooves in the thrust beaxing portion
in. which the gap is smaller is determ ned by the xaaxi mum val ue of

coeffici QQ}%thQ:ff t8b AShdkict pre Murt BOnd:ALHE krd0aRhAGhOPELL Gllue Of tHN@etippaitat Us
according to claiml1l, wherein the depth of the dynam c pressure generating

grooves @f elhb@citihrdashe otk NYO,PO0 NN in which the gap is smaller is in the
range of about 0.8 tinmes to about 2.8 tines of its gap sp ace di nension.
10. Tl ~eleguphrat us according to claiml, wherein each of the depths of the

dynam c pressure gex-~exati,ng grooves in the first angd second {hrust
bearing porti onESP@lﬂib’ré‘fhﬁPﬁgﬁ Esgpvtehéieegbfsr ’inc'ihérﬁaggBPgéltH?ﬁ 8 %Qmﬁ%s\/?fng a

maxi num val ue. 11. The ar atu ccor,ding tQ ¢laim 2 N il St
faci ng néhbé%e"?@atar’i’%c’“@éggg%nd %?rh%r‘saﬁhcf %lﬁgvesseg%}% i g%itﬁg?%tgé%%éﬂﬁgtg
counter plate ted to.t. tol i u&gb un Al FodiSy of
accor di nd’ xElof‘(’cﬂi';)li 22 s\}wlg%%lgﬁtng%%ﬁfec %Stﬁfaég%to the séet?gr{d&feg%?ﬁg menber is

formed myi.& .SADQEMY pldidtad BE oBIALIRACEn Qliafchie, fvhes tthé @edoResMRBBETSs inlthe A
fluid dynam c pressure bearing apparatus conprising: a radial dynamc

pressur e yReAr bMNghdu® INEEinidd t8 PR Pimdey &fi the datayekamautyets.? nymietarisaty a
shaf t merrber_'and a thrust dynam c_ pressure bearing incl udi_ngt af.e‘]‘himrtisctit t hr ust
beari ng gosdvi'srdepth is in the range of about 4 #m to 14 2 m, the coefficient o y
reaches a value larger than 70% of the peak. On the other hand, when the depth of
the dynamic pressure generating groove 1s larger than about 8 m, the coefficient of
elasticity decreases gradually, and when the groove's depth is about 20 4 m, the
coefficient of elasticity reaches approximately one-third of the peak.
[0046]

Next, when the elevated amount is a constant value of 7.5 #m and the
depth of the dynamic pressure generating groove is progressively increased, the
coefficient of elasticity increases gradually up to around 12 ym and the peak value
of the coefficient of elasticity reaches about 33,000 N/m. That is a similar result to
the case of the elevated amount of 5.0 i m. When the groove's depth is in the range
of about one times to two times of the elevated amount, that is, when the groove's
depth is in the range of about 7.5 g#m to 10 um, the coefficient of elasticity is
reached to a value of about 90% of the peak. Also, when the groove's depth is in the
range of about 0.8 times to 2.8 times of the elevated amount, that is, the groove's
depth is in the range of 6 y#m to 21 zm, the coefficient of elasticity reaches to a
value larger than 70% of the peak. The curve of the elevated amount of 7.5 #m in

Fig. 5 varies more gradually than the curve of 5.0 £ m, and after the peak of the

coefficient of elasticity, the coefficient of elasticity decreases according to the increase
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formed between a top surface of the thrust plate and s first facing nenber
opposing thereto in the axial direction and a second thrust bearing portion
formed between a bottom surface o the thrust plate and a second Faci ng
menber opposing thereto in an axial direction wherein the second facing
menber i b gmevd @4pea. materi al harder that than the first facing nenber
and a biasing neans is provided for urging the thrust plate to elevate from
t he secorigb47hr ust bearing portion. 1~. The apparatus according to claim13
further conprising a lubricating fluid filled within tl~e radial dynam c
pressure beari n§lemcthe pdeviabedisiouytniarm onpieas yaluwe dd&rd mgn ang. theertpefar at us
according to claim 13 further conprising dynam ¢ pressure generating
grooves &he BHBATRERTGFSIG FARTALIBE L eUrds PELFPHYVUR dnRasedn this cosdiriamy of

ressure bearjng. . 16. Th arat us_according to clai m1b, erein the
gept_h of © %gcﬁ§%%e€sgs ﬁfﬁgﬁﬁguﬁeﬁe%‘ﬁ“ﬁg&%r '6%?/easndi rtlg? He? h‘r’%tljy'g‘ qge%rhrei ng
portion ieBlofill of [Ife) behoBEPLbA: 15, 006NAN Si31Y d b ok TVl ue of

coefficient elasticity of zhe rust bearing 26 portion. 17. The

appar at U313 6Qr shnbgnd & Sbaum,lPhedViied gidbvt'BaledPtidi0khé Rengly BREbSULPERSSUT €
generating grooves of the thrust bearing portion in whzch the gap is

smal | er itfndsntothe timegef tHe élbouttd AmBduht,mhst is) wdleauhe Zré&veisndeptinds it thegap
space di nmension. 18. The apparatus according to claim15) wherein each of

t he dept hangsf oft fwud\ifatin tp R8sk or. ¢hyeneffigienpn gf glasticidy rpachene Ydlnsmebeytd
second thrust bearing portions is deternined by the coefficients of

el asti ci 9P%nhefihegpegk- - {REXEIQOYS 'S AFRIB 1S 19 theangs, ph YUl 4 EuBsHIN g St o
claim 13, whergj.n the first facing nmenher is the bearing. ~oaenber and the
second f &&Fg° %’fv?tsedaa%%“unr?_t g?’agtpllsatwe eﬁnt_ﬁlﬁt ¥d°to ? %lget%bléaa% ﬁgg)fraen eeéz{. 20.
The appa&%&@ﬁs %ﬁqg%nﬂ of, Qne LAkl A oSSR dehheIW §AGE1QEed B nSReOHT
facing nmeuxber 1s fornmed nore snoothly that the surface of the first facing
menber. 2he pddle BRPALrE US tRC 61o% sHeA Giri dung loR 1001 I, m Whaelee infbrk headiefiyhthah t he

dynam c pressure generating grooves in the second thrust bearing portion is
for med shhé kasverofthan nhia the figuref andeftey trenpeakpeicbs (roeffigiant cdelasgcdr.ooves
inthe first thrust bearing portion. 27 .A As{Y
the coefficient of elasticity decreases slightly according to the increase of the groove's
depth.
[0048]
From the results deseribed above in Fig. 5, it is understood that when the
amount of the thrust plate's elevation is smaller, the coefficient of elasticity is larger
with relatively smaller depth'e of the dynamic pressure generating grooves. On the
otherhand, when the amount of the thrust plate's elevation is larger, the coefficient of
elasticity is larger with relatively larger depths of the dynamic pressure generating
grooves.
[0046]

As described above and as illustrated in Fig. 4, the thrust dynamic pressure
bearing is structured in such a manner that the gap dimension L2 of the bottom

thrust dynamic pressure bearing section SBb is narrower than the gap dimension L1
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A@ .AUS . As@ A2 .A{ .Al@ .As,E .As{@ .AsS2 .Af .ASE .AE .AN@E
A@ .AS .AY .AsY .Asl .AE.AGE .AL

of the top thrust dynamic pressure bearing section SBa in a rated rotation state.
(Please define the term “rated rotation state”.) Further, a larger coefficient of
elasticity and a bearing rigidity can be achieved by setting the depth of a dynamic
pressure generating groove 1n the smaller elevation amount side of the thrust plate
23 (the bottom thrust dynamic pressure bearing section SBb) smaller than the depth
in the larger elevation amount side. At this time, the depth of the dynamic pressure
generating groove is preferably in the range of about 0.8 times to 2.8 times of the
elevation amount (gap dimension) of the thrust plate 23 in a rated number of
rotations. Further, when the depth of the dynamic pressure generating groove 1s set
in the range of about one times to two times of the floating amount (gap dimension),
the coefficient of elasticity can be achieved near the peak coefficient of elasticity in
the bottom thrust dynamic pressure bearing section SBbh.

[0050]

On the other hand, a larger coefficient of elasticity and a bearing rigidity
can be achieved by setting the depth of 2 dynamic pressure generating groove in the
larger elevation amount side of the thrust plate 23 (the top thrust dynamic pressure
bearing section SBa) larger than the depth in the smaller elevated amount side, At
this time, the depth of the dynamic pressure generating groove is desirably in the
range of about 0.8 times to 2.8 times of the elevated amount of the thrust plate 23 in
a rated number of rotatioms. Further, when the depth of the dynamic pressure
generating groove is set in the range of about one times to two times of the elevated
amount, the coefficient of elasticity can be achieved near the peak coefficient of
elasticity in the top thrust dynamic pressure bearing section SBa.

[0051]

As described above, when the coefficient of elasticity is set to be ncar to the
maximum value of the coefficient of elasticity, close to the desired value of the

coefficient of elasticity can be obtained in each of the thrust bearing portions SBa and
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102 6 0521

Next, another embodiment according to the present invention is described
with reference to Fig. 6, which is a sectional view of a shaft fixed-type HDD spindle
motor. In Fig. 6, the same reference symbols are used for the same members as the
shaft rotation-type HDD spindle motor shown in Fig. 1, and its description is omitted,
[0053]

The HDD spindle motor shown in Fig. 6 includes a stator assembly 30 as a
fived member and a rotor assembly 40 as a rotation member which is rotatably
supported to the stator assembly 30. The stator assembly 30 is provided with a frame
31 fixed to a main chassis of the drive apparatus (not shown) by a screw, etc. A fixed
shaft 35 as a shaft member is mounted in a center area of the frame 31, and its upper
end portion is provided with a tapped hole for a screw to the drive chassis. This
construction is known as a motor where both ends of the shaft are fixed,

[0054]
A cup-shaped hub 22 formed unitarily with a bearing sleeve 41 is rotatably
" mounted to an outer periphery of the fixed shaft 35 via the bearing sleeve 41 as a
bearing member, including the rotor assembly 40. A ring-shaped drive magnet 22¢ is

mounted on an inner wall surface of the hub 22 via a back yoke 22b.
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10T6" 109%0& ()-4"10%& ()-4"1090& ()- 13"10%r& ()-3"10%& ()-

n@" 10% feo(sh} T[tmN 109%@& () - S10%@& () - FF"10%a& () - F

y109%@&' ()-SF" 10%@ & () - SF"10%@& ()- 10T 10Tt b@ 10! @" 10%&' () - @" 1098& () -

In an internal peripheral surface of a center hole of the bearing sleeve 41, a
pair of radial bearing portions are formed apart from each other in an axial direction.
These radial bearing portions face opposite to an outer peripheral surface of the fixed
chaft 35. A pair of radial dynamic pressure bearings RB are provided between the
dynamic pressure surfaces which are formed on the internal peripheral surface of
these bearing portions of the bearing sleeve 41 and the dynamic pressure surface
formed op the outer peripheral surface of the fixed shaft 35. The hub 22 is rotatably
supported to the fixed shaft 35 in a radial direction by these radial dynamic pressure
bearings RB.

[0056]

A thrust plate 36 is fixed to the upper end portion of the shaft 35 and is
disposed in a recessed portion formed in an upper central part of the bearing sleeve
41. The top thrust dynamic pressure bearing section SBa is formed between a
dynamic pressure surface, an upper surface of the bearing sleeve 41 as a first facing
member and a dynamic pressure surface provided on a bottom surface of the thrust
plate 36 in a proximate state in an axial direction.

[0057]

In addition, the counter plate 44 (the second facing member) having a larger
diameter than the thrust plate 36 is mounted in an opening portion of the bearing
sleeve 41 so as to oppose a dynamic pressure surface of the upper side of the thrust
plate 36 in a proximate state. The bottom thrust dynamic pressure bearing section
SBb is positioned between the dynamic pressure surface provided on an under surface
of the counter plate 44 and the dynamic pressure surface provided on the upper
"surface of the thrust plate 36. A lubricating fluid such as lubricating oil, magnetic

fluid, or air is filled into the top and the bottom thrust dynamic pressure bearing

surfaces SBa and SBb and the radial dynamic pressure bearings RB.
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1076 10940QERS emv 0(0) 9(9 %%Féﬁ o5 & FragRetic mateRigh R Th s kR ame. 4 so
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) g({f;&'( % ) Sch{%p s a got%om F?l%) suf cﬁgs &f’» t&f)d}rﬁv&/ﬂ%ﬁngt (2)2c The magnetic attraction

- 10%& () pfa% jlg%tr(a):ts%g %(@s@mﬁ? 40 to the side of the frame 31 with the magnetic

attraction force that is larger than the magnitude of the gravitational force relating
to the rotor assembly 40. Therefore, even when the motor is used in ar upside down
manner, the magnetic attraction plate 17 still attracts the rotor assembly 40 to the
frame 31 given the gravity applied to the rotor assembly 40. Thus, when the rotor
assembly 40 does not rotate, the upper surface of the thrust plate 36 and the bottom
surface of the counter plate 44 of the bottom thrust dynamic pressure bearing section
SBb are in contact with each other.

[0059]

In a shaft fixed-type HDD spindle motor described above, the counter plate
44 and the bearing sleeve 41 are formed to rotate with respect to the thrust plate 36
attached to the fixed shaft 35. To the contrary, in a shaft rotation-type HDD spindle
motor deseribed above, the thrust plate 23 is fixed to the rotating shaft 21 which
rotates with respect to the bearing sleeve 13, and the counter plate 16 is mounted to
the fixed member. These two embodiments differ from each other in the fixed member
and the rotating member, but they are similar in basic construction according to the
present invention.

[0060]

That is, in 2 shaft fixed-type HDD spindle motor shown in Fig. 6, when the
rotor assembly 40 rotates with respect to the stator assembly 30 in a rated speed, the
gap ‘dimension L2 of the bottom thrust dynamic pressure bearing section SBb is
constructed so as to be emaller than the gap dimension L1 of the top thrust dynamic

pressure bearing section SBa. The depth of the dynamic pressure generating grooves
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(0061}

In addition, the depth of the dynamic pressure generating grooves in the
bottom thrust dynamic pressure bearing section SBb, of which the gap dimension L2
is smaller than the gap dimension L1, is established so that the coefficient of
elasticity of the bottom thrust dynamic pressure bearing section SBb has generally
the greatest value. More specifically, the depth of the dynamic pressure generating
grooves of the bottom thrust dynamic pressure bearing section SBb is established in
the dimension of 0.8 times - 2.8 times with respect to the gap dimension L2. For
example, when the gap dimension L2, that is, the elevated amount of the thrust plate
86 in a rated rotation is 5 # m, the depth of the dynamic pressure generating grooves
of the bottom thrust dynamic pressure bearing section SBb is established between 4 ¢
m and 14 x4 m. More preferably, the coefficient of elasticity of near the maximum
value can be obtained by setting the groove depth between 5 ¢ m and 10 4 m.

[0062]

In addition, the depth of the dynamic pressure generating grooves in the top
thrust dynamic pressure bearing section SBa, which ig the larger side in the gap
dimension, is preferably set so that the coefficient of elasticity of the top thrust
dynamic pressure bearing section SBa has generally the greatest value.

[0063]

In this embodiment, & magnetic attraction plate 17 is provided on the frame
31 for urging the rotation member to the frame 31. Thus, the counter plate 44 as a
second _facing member is formed by a material of greater hardness than the bearing

sleeve 41 as a first facing member, and the thrust plate 36 can always elevate from

the bottom thrust dynamic pressure bearing surface SBb. In addition, the surface
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[0064]

Therefore, even when the counter plate 44 and the thrust plate 36 slide
together at a slow speed of rotation such as when starting to rotate, the wear of the
dynamic pressure surfaces of the counter plate 44 and the thrust plate 36 can be
extremely reduced because the dynamic pressure surface of the counter plate 44 can
be formed smoothly and formed by a material of greater hardness.

[0065]

The embodiments of the invention are described above. However, the
present invention is not limited to the embodiments described above, and many
modifications ¢an be made without departing from the subject matter of the present
invention.

[0066]

In the above-mentioned embodiments, for example, the thrust dynamic
pressure generating grooves SG are formed on both surfaces of the thrust plate 23
and 36 in an axial direction. However, the thrust dymamic pressure generating
grooves SG may be formed on the dynamic pressure surface of the bearing sleeves 13
or 41 as the first facing member, and on the dynamic pressure surface of the counter
plates 16 or 44 as the second facing member in an axial direction.

[0067]

Also, in the above-mentioned embodiments, the magnetic attraction plate 17
is arranged at a position so as to oppose against the drive magnet 22¢ as a biasing
means in an axial direction. However, instead of arranging the magnetic attraction

plate 17, the rotor assembly 20 oxr 40 may be attracted to the frame 11 or 31 by

ghifting a magnetic center of the drive magnet 22¢ with respect to a magnetic center
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In addition, the shaft member 21 or 35 and thrust plate 23 or 36 may be
formed as one member. The thrust dynamic pressure generating grooves SG formed
on the thrust dynamic preasure bearing SB may bfa configured as a shape of
well-known spiral type grooves instead of the herringbone configuration grooves
shown in Fig. 2.

[0069]

Furthermore, the present invention can be similarly applied to motors of
one side shaft fixed-type motor instead of both side shaft fixed-type motor shown in
Fig. 6.

[0070]

While the description above refers to particular embodiments of the
invention, it will be understoad that many modifications may be made without
departing from the spirit thereof. The accompanying claims are intended to cover
such modifications as would fall within the true scope and spirit of the present
Invention.

(0071}

The disclosed embodiments are therefore to be considered in all respects as
illustrative and not restrictive. The scope of the invention being indicated by the
appended claims, rather than the foregoing description, and all changes which come
within the meaning and range of equivalency of the claims are therefore intended to

be embraced therein.
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1 A fluid dynamic pressure bearing apparatus comprising:
a radial dynamic pressure bearing formed in a gap portion between a bearing
member and a shaft member;
a thrust dynamic pressure bearing including a first thrust bearing portion
formed between a top surface of the thrust plate and a first facing member opposing
thereto in the axial direction and a second thrust bearing portion formed between a
bottom surface of the thrust plate and a second facing member opposing thereto in an
axial direction; and
dynamic pressure generating grooves formed on the radial dynamic pressure
bearing and the thrust dynamic pressure bearing,
wherein the shaft member and the bearing member are rotated together as a
rotation member, such that the rotation member is supported in a position that a gap
space L1 of the first thrust bearing portion is larger than a gap space L2 of the
second thrust bearing portion and the depth of the dynamic pressure generating

grooves where the gap space is smaller is formed shallower than that where the gap

space is larger.

2. The apparatus according to ¢laim 1 further comprising a lubricating fluid

filled within the radial dynamic pressure bearing and the thrust dynamic pressure

bearing.
3. The apparatus according to claim 2, wherein the lubricating fluid is air.
4, The apparatus according to claim 2, wherein the lubrieating fluid is

lubricating oil.
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5.

The apparatus according to claim 1, wherein the grooves are arranged in a

herringbone pattern,

6. The apparatus according to claim 1, wherein the grooves are arranged in a

spiral pattern.

7. The apparatus according to claim 2, wherein dynamic pressure is generated
by the lubricating fluid when the dynamic pressure generating grooves rotate such
that either the bearing member or the shaft member elevates in a radial and thrust

direction.

8. The apparatus according to claim 1, wherein the depth of the dynamic
pressure generating grooves in the thrust bearing portion in which the gap is smaller

is determined by the maximum value of coefficient of elasticity of the thrust bearing

portion.

9, The apparatus according to claim 1, wherein the depth of the dynamic
pressure generating grooves of the thrust bearing portion in which the gap is smaller

is in the range of about 0.8 times to about 2.8 times of its gap space dimension.

10, The apparatus according to claim I, wherein each of the depths of the
dynamic pressure generating grooves in the first and second thrust bearing portions

is determined by the coefficients of elasticity having a maximum value.

11. The apparatus according to claim 2, wherein the first facing member is the

bearing member and the second facing member is a counter plate mounted to the
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13. A fluid dynamic pressure bearing apparatus comprising:

the secppdgfeing - 91
n Oa |5:
10 (1.)[16 %er 159‘0rmec‘ Qnore imoormly that the surface of the first facing member.

a radial dynamic preasure bearing formed in a gap portion between a bearing

member and a shaft member; and

a thrust dynamic pressure bearing including a first thrust bearing portion

formed between a top surface of the thrust plate and a first facing member opposing

thereto in the axial direction and a second thrust bearing portion formed between a

bottom surface of the thrust plate and a second facing member opposing thereto in an

axial direction;

wherein the second facing member is formed from a material harder that

than the first facing member and a biasing means is provided for urging the thrust

plate to elevate from the second thrust bearing portion.

14. The apparatus according to claim 13 further comprising a lubricating fluid

filled within the radial dynamic pressure bearing and the thrust dynamic pressure

bearing.

15. The apparatus according to claim 13 further comprising dynamic pressure

generating grooves on the radial dynamic pressure bearing and the thrust dynamic

pressure bearing.

16. The apparatus according to claim 15, wherein the depth of the dynamic™

pressure generating grooves in the thrust bearing portion in which the gap is smaller

is determined by the maximum value of coefficient of elasticity of the thrust bearing
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18. The apparatus according to claim 15, wherein each of the depths of the
dynamic pressure generating grooves in the first and second thrust bearing portions

is determined by the coefficients of elasticity having a maximum value.

19. The apparatus according to claim 13, wherein the first facing member is the
bearing member and the second facing member is a counter plate mounted to the

bearing member.

20. The apparatus according to claim 13, wherein the surface of the second facing

member is formed more smoothly that the surface of the first facing member.

21. The apparatus according to claim 15, wherein the depth of the dynamic
pressure generating grooves in the second thrust bearing portion is formed shallower
than the depth of the dynamic pressure generating grooves in the first thrust bearing

portion.
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